Abstract. The aim of the present study was to investigate the prevalence of musculoskeletal pain in patients with type 2 diabetes mellitus (T2DM) in association with 25-hydroxyvitamin D levels, anxiety, depression and neuropathy. A cross-sectional study was conducted involving a total of 124 T2DM patients. Musculoskeletal pain was determined by self-reporting of painful body sites. Pain intensity was assessed using a scale of 0-10. Anxiety and depression were assessed using the Hospital Anxiety and Depression Scale. Neuropathy was assessed using the PainDETECT questionnaire. The concentration of 25-hydroxyvitamin D was measured using liquid chromatography-tandem mass spectrometry. Fasting blood sugar (FBS) was determined using the hexokinase method and glycated hemoglobin (HbA1c) level was determined using turbidimetric inhibition immunoassay. The neck, lower back and head were reported as the most common painful sites (affected in 60.5, 60.5 and 56.5% of patients, respectively). Pain in the lower extremities, including the knees, lower legs and feet, was more common compared with pain in the upper extremities. The pain measurements of number of painful sites and pain intensity did not differ significantly among patients with sufficient (>30 ng/ml), insufficient (20-30 ng/ml) and deficient (<20 ng/ml) vitamin D levels (P>0.05). The pain measurements were identified to have no correlation with age, body mass index, FBS, HbA1c level, 25-hydroxyvitamin D concentration, anxiety or depression (P>0.05). However, the pain measurements were correlated with duration of T2DM and neuropathy score (P<0.05). Further regression analysis demonstrated that the pain measurements were significantly associated with the neuropathy score (P<0.05). In conclusion, musculoskeletal pain in patients with T2DM was not associated with 25-hydroxyvitamin D concentration, but was associated with neuropathy score. This may encourage further investigations to assess the etiology of musculoskeletal pain in T2DM, and whether vitamin D supplementation and management of neuropathy would be of value as pain relief treatment.
Introduction
Type 2 diabetes mellitus (T2DM) is a chronic metabolic abnormality that is characterized by hyperglycemia due to decreased insulin secretion and/or insulin resistance (1) . The disease typically starts in middle age and its incidence is associated with certain risk factors, including obesity, hypertension, physical inactivity and family history of T2DM (1) . To prevent persistent hyperglycemia, patients with T2DM should adhere to their prescribed pharmacological treatment and recommended lifestyle modifications (2), and regularly monitor their blood glucose measurements (3) . Otherwise, uncontrolled T2DM may result in long-term macro-and microvascular complications, including atherosclerosis, retinopathy, nephropathy and neuropathy (4) . One of the suggested mechanisms that may be implicated in the development of microvascular complications is the formation of advanced glycation end products (AGEs) (5) . Of note, a growing body of evidence suggests that increased levels of AGEs, in addition to persistent hyperglycemia, may predispose patients to stiffness of connective tissues, leading to painful musculoskeletal manifestations (6) .
Musculoskeletal pain is common in patients with T2DM, and its occurrence is considered to be multifactorial (7) . One of the contributing factors is increased body weight (8) . T2DM patients are usually obese, and increased body mass index (BMI) has been identified to be associated with musculoskeletal pain, particularly in the lower extremities (8) . In addition, T2DM patients may suffer from symptoms of neuropathy as a complication of the disease itself; these symptoms include numbness, tingling, burning sensation, muscle weakness and pain (9) . Musculoskeletal manifestations in patients with T2DM may also result from vitamin D deficiency (10) . This vitamin is involved in maintaining calcium and phosphate homeostasis by controlling intestinal absorption of both minerals (11) . Thus, vitamin D deficiency may cause defective bone mineralization, leading to bone pain, tenderness, muscle weakness and myopathy (12) . In addition, vitamin D deficiency has been observed to be associated with the development of anxiety and depression (13, 14) , which may also cause musculoskeletal pain (15) . Vitamin D supplementation is being increasingly investigated in the context of chronic musculoskeletal pain and even peripheral neuropathic pain relief, and results so far suggest that these types of pain may be relieved by normalizing vitamin D levels (16, 17) .
Vitamin D deficiency is a global health concern, being highly prevalent among various populations, and can be caused by reduced exposure to direct sunlight and/or reduced dietary intake (18) . In the present study, it was hypothesized that musculoskeletal pain in patients with T2DM is inversely associated with serum 25-hydroxyvitamin D levels. The aims were i) to investigate the frequency of musculoskeletal pain in patients with T2DM according to body site; ii) to determine their serum 25-hydroxyvitamin D levels; iii) to assess their anxiety, depression and neuropathy scores; and iv) to investigate any association between pain measurements and serum 25-hydroxyvitamin D concentration, anxiety, depression and neuropathy scores.
Materials and methods

Participants.
Patients with a confirmed diagnosis of T2DM were recruited from the King Abdullah University Hospital in Ramtha, Jordan between February and August 2016. Patients who had received vitamin D supplementation in the previous 3 months and patients with chronic renal failure and/or chronic liver disease were excluded from the study. All participants agreed to participate in the study by signing informed consent forms after discussing the study purpose and procedure. The study protocol received ethics approval by the Institutional Research Board of King Abdullah University Hospital and Jordan University of Science and Technology (Irbid, Jordan; approval no. 20150266).
Sample size. The number of study subjects was calculated based on other studies (19, 20) that determined the prevalence of vitamin D deficiency and insufficiency in patients with T2DM. In the Middle East, the prevalence of vitamin D deficiency and insufficiency in patients with T2DM between 2010 and 2013 ranged from 98.5% in Saudi Arabia (19) to 89.7% in Iran (20) . The following formula was used: Sample size = (t) 2 (p)(q)/d 2 , where t=1.96 (t-value, 95% confidence interval), p=0.02-0.10 [estimated prevalence of vitamin D deficiency and insufficiency based on other studies (19, 20) ], q=1-p and d=0.05 (margin of error based on 95% confidence interval and 5% error) (21) . Therefore, the sample size based on the two abovementioned studies ranged between 18 and 142 patients. The present study included 124 participants, which represented a response rate of 89.21%. Control subjects were not included due to the difficulty in recruiting a sufficient control population with normal vitamin D concentration from our Arab population, due to the high prevalence of vitamin D deficiency (19, 20) . This was expected as most individuals do not expose sufficiently to sunlight because of the traditional dress of the region that covers most of the body.
Data collection. General information on patient age, sex, smoking status, vitamin D supplementation, use of statins and history of chronic renal failure and/or chronic liver disease were obtained from medical records and through self-reporting. Body weight was measured in kg using Detecto scales (Detecto Scale, Webb City, MO, USA) and height was measured in cm using a fixed metric scale in the clinic. BMI was calculated as body weight (kg)/height (m) 2 .
Assessment of musculoskeletal pain. Musculoskeletal pain was assessed using two questions from the PainDETECT questionnaire (22) . The first question asked participants to locate sites of usual pain by marking the area of pain on an illustration of human body. Then, the number of painful sites was calculated as a continuous variable for pain assessment. In addition, the number (%) of participants who were complaining of pain for each body site was reported. The second question asked participants to indicate average pain intensity over the last month using a scale from 0-10 (0, no pain; 10, maximum pain).
Assessment of anxiety, depression and neuropathy.
Anxiety and depression were assessed using an Arabic version of the Hospital Anxiety and Depression Scale (23). Neuropathy was assessed using an Arabic version of the PainDETECT questionnaire (22) . Individuals with 0-12 neuropathy scores were considered as nociceptive, individuals with 13-18 neuropathy scores were considered as unclear and individuals with 19-38 neuropathy scores were considered as neuropathic. Both questionnaires were translated from English to Arabic using a standard forward-backward translation method.
Blood sampling and laboratory measurements. Venous blood samples (10 ml) were collected following overnight fasting to measure fasting blood sugar (FBS), glycated hemoglobin (HbA1c) and 25-hydroxyvitamin D levels. Within 2 h of collection, serum was prepared by centrifuging the blood samples for 8 min at 2,100 x g at room temperature using a high-speed Jouan MR23i centrifuge (Thermo Fisher Scientific, Inc., Waltham, MA, USA). FBS was measured by the hexokinase method (24) using a Hitachi 902 auto-analyzer (Roche Diagnostics GmbH, Mannheim, Germany). HbA1c was measured by turbidimetric inhibition immunoassay (25) using the cobas b 101 system (Roche Diagnostics GmbH). The concentration of 25-hydroxyvitamin D was measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS) using an API-3200 triple quadrupole mass spectrometer (Applied Biosystems; Thermo Fisher Scientific, Inc.) according to guidelines by the National Institute of Standards and Technology (NIST) as previously reported (26).
Statistical analysis. Statistical analysis was performed using IBM SPSS version 20 (IBM Corp., Armonk, NY, USA). Non-normally distributed continuous variables were log-transformed prior to analysis. Data for continuous variables are expressed as the mean ± standard deviation or median (25th-75th percentiles). Descriptive data were expressed as frequency (%). The χ 2 and Fisher's exact tests were used to detect significant differences between categorical variables. One-way analysis of variance was used to detect significant differences in continuous variables between patients with (>30 ng/ml; n=16), insufficient (20-30 ng/ml; n=34) and deficient (<20 ng/ml; n=74) (26) vitamin D levels followed by Tukey's post hoc tests for multiple comparisons. The Pearson product-moment test was used to detect correlations between continuous variables and multiple linear regression analysis was performed to detect associations between pain measurements and other variables including neuropathy and anxiety scores, duration of DM, sex and statin therapy. All P-values were two-sided and considered statistically significant at <0.05.
Results
Characteristics of participants.
Of 139 potential study subjects with T2DM, 124 (47 men and 77 women) agreed to participate in this study (response rate, 89.2%). The participants' age ranged from 43 to 79 years, with a mean age of 59.3±9.5 years. The duration of T2DM ranged from 1 to 17 years, with a mean of 5.0±3.4 years. The mean BMI was 30.9±3.6 kg/m 2 and the median values of FBS and HbA1c were 7.7 (6.1-10.4) mmol/l and 7.5 (6.6-8.8)%, respectively. A total of 21 (16.9%) participants were current smokers, while 20 (16.1%) and 83 (66.9%) participants were former smokers and non-smokers, respectively.
Assessment of musculoskeletal pain. Table I illustrates the frequency of pain according to body location. The neck (60.5%), lower back (60.5%), head (56.5%), right knee (49.2%), right shoulder (39.5%), left knee (39.5%), right lower leg (39.5%), left lower leg (34.7%) and feet (33.9%) were the most common painful sites reported by the study participants. The mean number of painful sites was 5.9±3.0 and the mean pain intensity over the last month was 3.6±2.4 (data not shown).
Assessment of anxiety, depression and neuropathy scores.
Abnormal anxiety scores were determined in 25 (20.2%) participants, while 28 (22.6%) and 71 (57.3%) participants were considered to have borderline and normal anxiety scores, respectively. Abnormal depression scores were reported in 41 (33.1%) participants, while 37 (29.8%) and 46 (37.1%) participants were considered to have borderline and normal depression scores, respectively. Neuropathy was indicated in 38 (30.6%) participants, while 36 (29.0%) and 50 (40.3%) participants were considered to have unclear and normal neuropathy scores, respectively (data not shown). Table II , the number of painful sites, pain intensity over the last month, anxiety, depression and neuropathy scores, BMI and HbA1c were not significantly associated with vitamin D status (all P>0.05). In addition, vitamin D status was not associated with sex or statin therapy, and there was no statistically significant difference in age, FBS or duration of DM among patients with sufficient, insufficient and deficient vitamin D levels (all P>0.05).
Determination of study variables according to vitamin D status. As presented in
Association between pain measurements and study variables. As presented in Table III , both the number of painful sites and pain intensity over the last month were directly correlated with the duration of DM and neuropathy score (all P<0.05).
Pain intensity over the last month was also directly correlated with the mean number of painful sites (P<0.01). The association of the mean number of painful sites with anxiety score was determined as not statistically significant (P=0.06). Furthermore, the pain measurements were not significantly correlated with 25-hydroxyvitamin D concentration, age, BMI, HbA1c, FBS or depression score (all P>0.05). Further multiple linear regression analyses (Table IV) identified the number of painful sites and pain intensity over the last month as dependent variables, both of which were significantly associated with neuropathy score (P<0.05). In addition, pain intensity over the last month was significantly associated with the mean number of painful sites (P<0.01). Neither the number of painful sites nor pain intensity over the last month was identified to be significantly associated with sex or the use of statins (all P>0.05).
Correlation between vitamin D level and neuropathy score.
As pain measurements were significantly associated with neuropathy score, further analysis was performed to determine whether there is an association between neuropathy score and 25-hydroxyvitamin D concentration. As depicted in Fig. 1 , there was no significant correlation between 25-hydroxyvitamin D concentration and neuropathy score (P>0.05).
Discussion
The present study demonstrated that musculoskeletal pain was highly prevalent among patients with T2DM. Over 50% of the study participants suffered from chronic neck pain, lower back pain or headache. Similarly, Molsted et al (7) reported that 60 and 52% of their study participants with T2DM were suffering from lower back and neck pain, respectively. The pain frequency in other body sites was lower, and these results are comparable with those reported by other studies, including that by Kidwai et al (27) , in which the pain frequencies in the hands, shoulders and upper limbs were 20.5, 19.5 and 32.9%, respectively. In the present study, pain in the lower extremities, including the knees, lower legs and feet, was more common compared with pain in the upper extremities (the arms, forearms, hands, left shoulder and upper legs). This suggests that the lower extremities, which bear the weight of the body, are more susceptible to musculoskeletal pain, particularly when the subjects have increased BMI (96% of the current study participants were overweight or obese). This was also confirmed by Viester et al (8) , who reported that increased BMI was associated with the development of musculoskeletal pain in the lower extremities. P-values were determined by χ 2 or Fisher's exact tests for categorical variables and one-way analysis of variance test for continuous variables. Data are presented as frequency (%) or mean ± standard deviation. Vitamin D reference ranges were as defined by Sadat-Ali et al (26) in their study based on the same method of vitamin D determination. Anxiety, depression and neuropathy score reference ranges were defined as in the PainDETECT and Hospital Anxiety and Depression Scale scoring systems (22, 23) . Reference ranges for BMI were as defined by Nuttall (33) . HbA1c reference levels were as defined by Esposito et al (34) . BMI, body mass index; HbA1c, glycated hemoglobin.
25-hydroxyvitamin D status ---------------------------------------------------------------------------------------------------------------------------
The major goal of the present study was to investigate whether musculoskeletal pain in patients with T2DM is associated with serum 25-hydroxyvitamin D levels. The results identified no significant difference in the number of painful sites or pain intensity over the last month among patients with sufficient, insufficient or deficient 25-hydroxyvitamin D levels. In addition, there was no significant correlation between serum 25-hydroxyvitamin D concentration and the number of painful sites or pain intensity over the last month. Accordingly, measures of musculoskeletal pain in T2DM were expected to have no association with serum 25-hydroxyvitamin D levels. However, the results of the present study support the findings of Shipton and Shipton (28) , who reported that the scientific evidence for using vitamin D to treat chronic pain is limited due to the lack of supporting randomized controlled trials. As musculoskeletal pain may result from anxiety and depression (15) , which may also be caused by vitamin D deficiency (13, 14) , it was investigated whether there was any correlation of pain measurements with anxiety and depression scores. However, the results revealed no significant correlation between pain measurements and anxiety or depression scores. Furthermore, anxiety and depression scores were not significantly correlated with serum 25-hydroxyvitamin D levels. These results indicate that musculoskeletal pain in T2DM patients was not significantly associated with anxiety or depression scores.
By contrast, both the number of painful sites and pain intensity over the last month were directly correlated with the duration of T2DM and neuropathy score, indicating that musculoskeletal pain increases with prolonged duration of T2DM and increase in neuropathy score. Further multiple linear regression analyses demonstrated that the number of Table III . Correlation between pain measurements and other variables.
Number of painful sites
Pain intensity over the last month painful sites and pain intensity over the last month may be predicted from the neuropathy score, suggesting that these pain measurements are associated with the neuropathy score. Further correlation analysis revealed no statistically significant correlation between neuropathy score and vitamin D level. Meanwhile, pain intensity over the last month was associated with the number of painful sites, indicating that pain intensity may also be predicted from the number of painful sites.
Musculoskeletal pain may be caused by statin therapy as an adverse outcome that affects 5-18% of patients treated with these lipid-lowering agents (29) . Morioka et al (30) reported that statin users with vitamin D deficiency complained of musculoskeletal pain at twice the frequency of individuals who were not taking statins. In addition, they concluded that vitamin D deficiency modifies the risk of musculoskeletal pain in statin users (30) . In the present study, it was also investigated whether there are associations between statin therapy use, vitamin D deficiency and the development of musculoskeletal pain in patients with T2DM. Statin therapy was reported in 43.5% of the participants. Vitamin D status was not significantly correlated with the use of statins; pain measurements, including both pain intensity over the last month and number of painful sites, were also not significantly associated with statin therapy.
Collectively, the findings of the present study demonstrated that musculoskeletal pain was prevalent among patients with T2DM, and that pain measurements were not associated with serum 25-hydroxyvitamin D levels, despite accumulating evidence supports vitamin D supplementation as a treatment option for such manifestations (17, 31, 32) . Measures of musculoskeletal pain were significantly correlated with the duration of T2DM and neuropathy score, and these measures may be predicted from the neuropathy score. Thus, preventing and treating diabetic neuropathy should be prioritized as a treatment option for managing musculoskeletal pain in patients with T2DM. However, the significance of these findings may be limited by the cross-sectional design of the present study. A follow-up study is required to assess whether vitamin D supplementation or neuropathy treatment may improve musculoskeletal pain in patients with T2DM. Another limitation is that self-reporting was used to assess pain, neuropathy, anxiety and depression among patients. Funding limitations prevented consultation of a neurology clinic to definitively diagnose neuropathy, anxiety and depression according to the clinical guidelines; however, the questionnaires (22, 23) that were used to assess these variables are well-validated and considered reasonably reliable for research purposes. In addition, funding limitations prevented enrollment of a larger sample size, which may affect applications of the findings to a general population. However, despite the limitations of the present study, the current findings may draw attention toward the assessment of musculoskeletal manifestations in patients with T2DM, as well as encourage further investigations to assess the etiology of musculoskeletal pain in patients with T2DM and determine whether vitamin D supplementation and management of neuropathy may be used for pain relief in such patients.
